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(54) CODEWORD GENERATION METHOD, ERROR BIT DETERMINATION METHOD AND CIRCUIT 
THEREOF

(57) Embodiments of the present invention provide
a code word generating method, an erroneous bit deter-
mining method, and circuits thereof. The code word gen-
erating method includes: respectively performing a Ham-
ming operation for an information symbol having an even
weight and an information symbol having an odd weight
to acquire a check symbol configured for the information
symbol having an even weight and a check symbol con-

figured for the information symbol having an odd weight;
and respectively generating corresponding code words
based on the information symbol having an even weight,
the information symbol having an odd weight and the
check symbols configured therefor. In this way, informa-
tion symbols having the same number of bits are correct-
ed without increasing the number of check symbol bits,
and thus symbol transmission rate is improved.
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Description

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to the technical field of fault tolerance computing, and in particular,
relate to a method for generating a code word, a method for determining an erroneous bit and circuits thereof.

BACKGROUND

[0002] Error correcting code is an important fault-tolerant computing technology, and is extensively applied in com-
munication and computer systems, which greatly enhances reliability of the system.
[0003] Traditional error correcting coding theories are all based on assumption of symmetric errors. For example, in
a communication system, a 0->1 error may be caused, or a 1->0 error may be caused. In the memory of an integrated
circuit, for example, in a one time programmable (OTP) memory, data of each bit in the device is defaulted to be 0, and
the data of the corresponding bit is changed from the default value 0 to 1 by means of charge and discharge and the
like, or changed from 1 to the default value 0. In the memory, the data of each bit may be subject to the 0->1 or 1->0 error.
[0004] In the prior art, since the code word of the [7,4] Hamming code has a maximum of 7 bits and the check symbol
has only 3 bits, if the [7,4] Hamming code needs to be applied to an OTP memory implementing 8-bit storage, a 1-bit
check symbol needs to be added based on the current [7,4] Hamming code. As a result, the symbol transmission rate is low.

SUMMARY

[0005] Embodiments of the present invention are intended to provide a method for generating a code word, a method
for determining an erroneous bit and circuits thereof, to at least solve the above problem in the prior art.
[0006] To achieve the objectives of embodiments of the present invention, embodiments of the present invention
provide a method for generating a code word. The method includes:

respectively performing a Hamming operation on an information symbol having an even weight and an information
symbol having an odd weight to obtain a check symbol configured for the information symbol having an even weight
and a check symbol configured for the information symbol having an odd weight; and
respectively generating corresponding code words based on the information symbol having an even weight and the
check symbol configured for the information symbol having an odd weight and the check symbols configured therefor.

[0007] Embodiments of the present invention further provide a method for determining an erroneous bit, including:

preliminarily judging, based on a check relationship between an information symbol and a check symbol in a code
word in any code word generating embodiment, at least one possible erroneous bit in the code word; and
determining an actual erroneous bit in the at least one possible erroneous bit based on a code weight variation of
the information symbol or the check symbol in the code word to be checked relative to the information symbol or
the check symbol in the code word generated in the above embodiment.

[0008] Embodiments of the present invention further provide a circuit for generating a code word, including:

a Hamming operating unit, configured to respectively perform a Hamming operation on an information symbol having
an even weight and an information symbol having an odd weight to obtain a check symbol configured for the
information symbol having an even weight and a check symbol configured for the information symbol having an odd
weight; and
a code word generating unit, configured to respectively generate corresponding code words based on the information
symbol having an even weight and a check symbol configured for the information symbol having an odd weight and
the check symbols configured therefor.

[0009] Embodiments of the present invention further provide a circuit for determining an erroneous bit, including:

a code word checking unit, configured to preliminarily judge, based on a check relationship between an information
symbol and a check symbol in a code word in any code word generating embodiment, at least one possible erroneous
bit in the code word; and
an erroneous bit determining unit, configured to determine an actual erroneous bit in the at least one possible
erroneous bit based on a code weight variation of the information symbol or the check symbol in the code word to
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be checked relative to the information symbol or the check symbol in the code word generated in the above em-
bodiment.

[0010] In embodiments of the present invention, by respectively performing a Hamming operation on an information
symbol having an even weight and an information symbol having an odd weight, a check symbol configured for the
information symbol having an even weight and a check symbol configured for the information symbol having an odd
weight are obtained; and corresponding code words are respectively generated based on the information symbol having
an even weight, the information symbol having an odd weight and the check symbols configured therefor. In this way,
information symbols having the same number of bits are corrected without increasing the number of check symbol bits,
and thus symbol transmission rate is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a schematic flowchart of a method for generating a code word according to a first embodiment of the
present invention;
FIG. 2 is a schematic flowchart of a method for generating a code word according to a second embodiment of the
present invention.
FIG. 3 is a schematic flowchart of a method for determining an erroneous bit according to a third embodiment of
the present invention;
FIG. 4 is a schematic structural diagram of a circuit for generating a code word according to a fourth embodiment
of the present invention;
FIG. 5(a) and FIG. 5(b) are exemplary schematic circuit structural diagrams of an Exclusive OR unit according to a
fifth embodiment of the present invention;
FIG. 6(a) and FIG. 6(b) are exemplary schematic circuit structural diagrams of a first checking unit according to a
sixth embodiment of the present invention;
FIG. 7 is an exemplary schematic structural diagram of a circuit for generating a code word according to a seventh
embodiment of the present invention;
FIG. 8 is a schematic structural diagram of a circuit for generating a code word according to an eighth embodiment
of the present invention;
FIG. 9 is an exemplary schematic structural diagram of a circuit for determining an erroneous bit according to a
ninth embodiment of the present invention;
FIG. 10 is a schematic structural diagram of a specific implementation circuit of a code word checking unit according
to a tenth embodiment of the present invention; and
FIG. 11 is a schematic structural diagram of a specific implementation circuit of an erroneous bit determining unit
according to an eleventh embodiment of the present invention.

DETAILED DESCRIPTION

[0012] Practice of the present application is described in detail with reference to drawings and specific embodiments,
such that the practice of addressing the technical problem using the technical means according to the present application
and achieving the technical effects may be better understood and conducted.
[0013] An embodiment of the present invention hereinafter provides a method for generating a code word, including:
respectively performing a Hamming operation on an information symbol having an even weight and an information
symbol having an odd weight to obtain a check symbol configured for the information symbol having an even weight
and a check symbol configured for the information symbol having an odd weight; and respectively generating corre-
sponding code words based on the information symbol element having an even weight and the check symbol configured
for the information symbol element having an odd weight and the check symbols configured therefor. In the embodiment
hereinafter, when the Hamming operation is performed for the information symbol having an even weight and the
information symbol having an odd weight, specifically an Exclusive OR operation is performed for the information symbol
having an even weight and the information symbol having an odd weight with an assigned Hamming matrix to different
check symbols configured for the information symbol having an even weight and for the information symbol having an
odd weight respectively. An embodiment which illustrates the detailed Exclusive OR operation is given hereinafter.
[0014] In the embodiment hereinafter of the present invention, description is given by using the scenario where the
method is applied to an OTP memory as an example. When data is stored in an OTP memory, one byte is used as a
code word and includes 8 bits, where 4 bits are used as an information symbol and the remaining 4 bits are used as a
check symbol. Among these 8 bits, generally only one bit may be subjected to an error which is a 1->0 error or a 0->1
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error. That is, it is impossible that a 1->0 error and a 0->1 error are simultaneously present in the same 8-bit code word.
[0015] The inventive concept of the present invention is described in the embodiment hereinafter in detail with reference
to the above features of one time programmable (OTP) memory.
[0016] In this embodiment, considering that only the error symbol may have only 1 bit during data storage in an OTP
memory, different check symbols that may be used to correct the error 1-bit information symbol may be generated by
using conventional Hamming coding, and thus a first Hamming matrix and a second Hamming matrix are respectively
formed.
[0017] Using a 3-bit check symbol (a4a2a1) as an example, the 3-bit check symbol may form a 4-bit code word
(a4a3a2a1) with a 1-bit information symbol (a3), where the bit sequence from right to left is bit 1, bit 2, bit 3 and bit 4.
The first Hamming matrix and the second Hamming matrix are generated based on the Hamming coding by observing
the following rules:

(1) The check symbol is arranged at the position of the power of a bit whose serial number is 2 in the code word
based on the sequence of the more-significant and less-significant bits.
If the information symbol has 1 bit and the check symbol has 3 bits, a4 is arranged at bit 4, a2 is arranged at bit 2
and a1 is arranged at bit 1.
(2) The information symbol is arranged at the position of the power of a bit whose serial number is 2 in the code
word. In this embodiment, a3 is arranged at bit 3.

[0018] With respect to the above 1-bit information symbol and 3-bit check symbol, correction may be made based on
the check rules of the [7,4] Hamming code. The check rules of the [7,4] Hamming code are as follows: 

[0019] With respect to the 1-bit information symbol and 3-bit check symbol, a5, a6 and a7 are all 0 in the above check
rules, such that the check rules used in the following embodiment are a4 = a3, a2 = a3 and a4 = 0. Since a linear
restriction relationship is defined between the information symbol and the check symbol, the corresponding check symbol
may be obtained based on the information symbol. In the following embodiment of the present invention, description is
given by using the check rules a4 = a3, a2 = a3 and a4 = 0.
[0020] Referring to the linear restriction relationship a4 = a3, a2 = a3 and a4 = 0 between the information symbol and
the check symbol, it is known that when the information symbol a2 = 1, a code word a4a3a2a1, specifically, 0111, is
obtained; and when the information symbol a2 = 0, a code word a4a3a2a1, specifically, 0000, is obtained. In this case,
[0 1 1 1] is used as the first Hamming matrix, and the first Hamming matrix is actually a non all-0 code matrix; and [0 0
0 0] is used as the second Hamming matrix, and the second Hamming matrix is actually an all-0 code matrix.
[0021] It should be noted that, in other embodiments, other rules may also be customized. For example, the more-
significant bits and the less-significant bits in the code word are respectively defined as the information symbol and the
check symbol. With respect to the [7,4] Hamming code, in the code word a7a6a5a4a3a2a1, a7a6a5a4 represents the
information symbol, and a3a2a1 represents the check symbol. Therefore, the corresponding check rules may be a3 =
a7⊕a6⊕a5, a2 = a7⊕a6⊕a4, a1 = a7⊕a5⊕a4, which are not described herein any further.
[0022] FIG. 1 is a schematic flowchart of a method for generating a code word according to a first embodiment of the
present invention. As illustrated in FIG. 1, the method includes the following steps:
S101: An Exclusive OR operation is performed for an information symbol having an even weight with a first Hamming
matrix and a second Hamming matrix respectively to obtain a check symbol configured for the information symbol having
an even weight.
[0023] In this embodiment, with respect to an even parity, the number of bits whose data is 1 in the information symbol
is the weight of the symbol. For example, the number of bits whose data is 1 in the information symbol 1001 is 2, the
corresponding weight is 2, and the information symbol 1001 is the information symbol having an even weight.
[0024] In this embodiment, an Exclusive OR operation is performed for the 4-bit information symbol 1001, as an
example, with the first Hamming matrix [0111] and the second Hamming matrix [0 0 0 0] to obtain the check symbols
1001 and 1110 configured therefor. When the Exclusive OR operation is performed for the information symbol with the
first Hamming matrix and the second Hamming matrix, the bits in the information symbol may be aligned with the symbols
in the first Hamming matrix and the second Hamming matrix, and then the Exclusive OR operation is performed. That
is, the Exclusive OR operation is performed for the symbol at the more-significant bit and the symbol at the less-significant
symbol in the information symbols and the corresponding symbol at the more-significant bit and symbol at the less-
significant symbol in the first Hamming matrix and the second Hamming matrix.
[0025] S102: The Exclusive OR operation is performed for an information symbol having an odd weight with the second
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Hamming matrix to obtain a check symbol configured for the information symbol having an odd weight.
[0026] In this embodiment, with respect to an even parity, the number of bits whose data is 1 in the information symbol
is counted. If the number is an even number, the weight of the information symbol is an odd number. For example, the
number of bits whose data is 1 in the information symbol 0111 is 3, the corresponding weight is 3, and the information
symbol 0111 is the information symbol having an odd weight. When the Exclusive OR operation is performed for the
information symbol having an odd weight with the second Hamming matrix, the information symbol needs to be likewise
aligned with the symbol in the second Hamming matrix.
[0027] In this embodiment, an Exclusive OR operation is performed for the information symbol 0111, as an example,
with the second Hamming matrix [0 0 0 0] to obtain the check symbol 0111 configured therefor.
[0028] During generation of the check symbol in steps S101 and sS102, different Hamming matrices are used, such
that the differences between the generated code words are reduced. As such, it means that available code words are
increased, which is essentially equivalent to an increase of the number of bits of the information symbol. In this way, the
symbol transmission rate is improved.
[0029] In this embodiment, step S101 and step S102 are subject to no absolutely time sequence. To be specific, step
S102 may be performed prior to step S102, or step S101 and step S102 may be performed in parallel.
[0030] S103: Corresponding code words are respectively generated based on the information symbol having an even
weight, the check symbol configured for the information symbol having an odd weight and the check symbols configured
therefor.
[0031] In this embodiment, through steps S101 and S102, the corresponding check symbols configured for the infor-
mation symbol having an even weight and the information symbol having an odd weight are respectively obtained; and
the corresponding code words may be obtained by combining the information symbols with the check symbols.
[0032] In this embodiment, the code word 01110111 is obtained by combining the information symbol 0111, as an
example, with the check symbol 0111 configured therefor.
[0033] In this embodiment, two code words 10011001 and 1001110 are respectively obtained by respectively combining
the information symbol 1001, as an example, with the check symbols 1001 and 1110 configured therefor. In this em-
bodiment, since two available check symbols are obtained by performing an operation on each information symbol
having an even weight with the first Hamming matrix and the second Hamming matrix respectively, two available code
words are correspondingly obtained. Relative to the scenario where one information symbol corresponds to one available
check symbol in the prior art and hence corresponds to one available code word, the number of bits of the information
symbol is essentially increased, and thus the symbol transmission rate is improved.
[0034] Alternatively, in another embodiment, the first Hamming matrix and the second Hamming matrix may be inter-
changed, which is not described herein any further.
[0035] FIG. 2 is a schematic flowchart of a method for generating a code word according to a second embodiment of
the present invention. As illustrated in FIG. 2, the method includes the following steps:
S201: An Exclusive OR operation is performed for an information symbol having an even weight with a full-code Hamming
matrix to obtain a check symbol configured for the information symbol having an even weight.
[0036] In this embodiment, the first Hamming matrix and the second Hamming matrix may be combined to form a full-
code Hamming matrix, and an Exclusive OR operation is directly performed for the information symbol having an even
weight with the full-code Hamming matrix to generate a corresponding check symbol.
[0037] In this embodiment, an Exclusive OR operation is performed for the information symbol 1001, as an example,
with the full-code Hamming matrix [0 1 1 1, 0 0 0 0] to obtain the check symbols 1001 and 1110 configured therefor.
[0038] S202: An Exclusive OR operation is performed for an information symbol having an odd weight with the second
Hamming matrix to obtain a check symbol configured for the information symbol having an odd weight.
[0039] In this embodiment, step S202 is similar to step S201 in the above embodiment, which is not described herein
any further.
[0040] S203: Corresponding code words are respectively generated based on the information symbol having an even
weight, the information symbol having an odd weight and the check symbols configured therefor.
[0041] In the above embodiment, prior to steps S101 and S201, the method for generating a code word may further
include: separating the input information symbol to obtain the information symbol having an even weight and the infor-
mation symbol having an odd weight. The details are not given herein any further.
[0042] In the above exemplary embodiment illustrating the method for generating a code word, an 8-bit code word in
the OTP memory is generated and mapped to a parity of a 4-bit code word, and then an Exclusive OR operation is
performed for the 4-bit information symbol in the 8-bit code word with the Hamming matrix generated during the process
of generating the 4-bit code word, such that a 4-bit check symbol in the 8-bit code word is obtained. Since a 3-bit check
symbol is used during the process of generating the 4-bit code word, with respect to the 8-bit code word, it is likewise
signified that the 8-bit code word is generated by only using the 3-bit check symbol, such that the symbol transmission
rate during code word generation is improved.
[0043] Analogously, with respect to a 10-bit, 12-bit, 14-bit and the like code word, the 10-bit code word, the 12-bit code
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word and the 14-bit code word are respectively mapped to checking of a 5-bit code word, a 6-bit code word and a 7-bit
code word. Afterwards, with reference to the above Hamming coding rules of the 4-bit code word, an Exclusive OR
operation is performed for a 5-bit information symbol, a 6-bit information symbol and a 7-bit information symbol having
the corresponding weights respectively with an all-0 code Hamming matrix similar to the first Hamming matrix and a non
all-0 code Hamming matrix that are generated during the process of generating the 5-bit code word (a 2-bit information
symbol and a 3-bit check symbol) and the 7-bit code word (a 4-bit information symbol and a 3-bit check symbol), such
that a 5-bit check symbol, a 6-bit check symbol and a 7-bit check symbol of the corresponding information symbols in
the 10-bit code word, the 12-bit code word and the 14-bit code word. During the checking of the 5-bit code word, the 6-
bit code word and the 7-bit code word, based on the Hamming coding rules, the 3-bit check symbol is used, which
signifies that the 10-bit code word, the 12-bit code word and the 14-bit code word are generated by only using the 3-bit
check symbol, such that the symbol transmission rate during code word generation is improved.
[0044] In addition, a plurality of first Hamming matrices may be obtained based on the 10-bit code word, the 12-bit
code word and the 14-bit code word. Therefore, an Exclusive OR operation is performed for the information symbol
having an even weight with each of the plurality of first Hamming matrices, such that a plurality of check symbols peer
to the plurality of first Hamming matrices are obtained. As such, the number of code words that are generated is increased,
such that more data is stored.
[0045] In a method for determining an erroneous bit according to an embodiment of the present invention hereinafter,
at least one possible erroneous bit in the code word is preliminarily judged based on a check relationship between an
information symbol and a check symbol in a code word to be checked; and an actual erroneous bit in the at least one
possible erroneous bit is determined based on a code weight variation of the information symbol or the check symbol
in the code word to be checked relative to the information symbol or the check symbol in the code word generated in
the above embodiments. The specific embodiment may be referenced to the exemplary interpretation in FIG. 3 and FIG. 4.
[0046] FIG. 3 is a schematic flowchart of a method for determining an erroneous bit according to a third embodiment
of the present invention. As illustrated in FIG. 3, the method includes the following steps:
S301: An Exclusive OR operation is performed for an information symbol and a check symbol in a code word, and a
Hamming check is performed for a result of the Exclusive OR operation to preliminarily judge at least one possible
erroneous bit in the code word.
[0047] In this embodiment, still using error correction of an 8-bit code word in an OTP memory as an example, the 8-
bit code word includes a 4-bit information symbol and a 4-bit check symbol, and an Exclusive OR operation is performed
for the 4-bit information symbol and the 4-bit check symbol such that the code word in the Hamming check is reduced
from 8 bits to 4 bits, which is equivalent to a dimension reduction. In this way, based on the Hamming check rules of the
4-bit code word, erroneous bits in the 4-bit code word may be preliminarily judged by, for example, calculating a correction
factor or making a comparison with the code words which are used as the first Hamming matrix and the second Hamming
matrix. Since the 4-bit code word is mapped from the 8-bit code word, erroneous bits in the 8-bit code word are indirectly
inferred based on the erroneous bits in the 4-bit code word.
[0048] For example, if the 8-bit code word to be checked is 10011001 where the sequence of the symbols from right
to left is bit 8, ..., bit 1, an Exclusive OR result of the information symbol 1001 in the 8-bit code word and the check
symbol 1001 in the 8-bit code word is equal to 0000. A Hamming check for the Exclusive OR result 0000 indicates that
the 8-bit code word 10011001 has no erroneous bit.
[0049] Still for example, if the 8-bit code word to be checked is 10011010, an Exclusive OR result of the information
symbol 1001 in the 8-bit code word and the check symbol 1010 in the 8-bit code word is equal to 0011. Since the 4-bit
code words has only one erroneous bit, that is, a single-bit error, the Exclusive OR result is compared with the first
Hamming matrix, such that it is determined that bit 3 in the 4-bit code word encounters an error. However, bit 3 in the
4-bit code word is correspondingly bit 3 or bit 7 in the 8-bit code word. In this case, it is preliminarily judged that the at
least one possible erroneous bit in the 8-bit code word is bit 3 or bit 7.
[0050] In this embodiment, in step S301, before the Exclusive OR operation is performed for the information symbol
and the check symbol in the code word, the information symbol and the check symbol in the code word may be firstly
aligned and the Exclusive OR operation is performed for the information symbol and the check symbol in the code word
upon the alignment. That is, the more-significant bit in the 4-bit information symbol is aligned with the more-significant
bit in the 4-bit check symbol, and the less-significant bit in the 4-bit information symbol is aligned with the less-significant
bit in the 4-bit check symbol.
[0051] Step 302: An actual erroneous bit in the at least one possible erroneous bit is determined based on a code
weight variation of the information symbol or the check symbol in the code word to be checked relative to the information
symbol or the check symbol in the code word generated in the above embodiment.
[0052] In this embodiment, if the weight of the information symbol in the 8-bit code word is changed, the erroneous
bit in the 8-bit code word may be located in the information symbol, that is, the weight of the information symbol in the
currently input 8-bit code word is compared with the weight of the information symbol in the 8-bit code word generated
in the above embodiment to determine the change of the weight; and if the weight of the check symbol in the 8-bit code
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word is changed, the erroneous bit in the 8-bit code word may be located in the check symbol. Therefore, in this
embodiment, the actual erroneous bit in the code word may be determined based on the weight change of the information
symbol or the check symbol in the check symbol.
[0053] As described above, it is preliminarily judged that the at least one possible erroneous bit in the 8-bit code word
10011010 to be checked may be bit 3 or bit 7. The weight of the information symbol in the 8-bit code word to be checked
is 2, which is not changed relative to the information symbol in the code word 1001110 generated in the embodiments
as illustrated in FIG. 1 and FIG. 2. Therefore, the actual erroneous bit is located in the check symbol, that is, bit 3 is the
actual erroneous bit.
[0054] It should be noted that the judgment of the actual error may also be judged based on the weight change of the
information symbol, which is not described herein any further.
[0055] It should be noted that the scenario where the code word to be checked has 10 bits, 12 bits or 14 bits is similar
to the scenario where the code word to be checked has 8 bits as described above, which is not described herein any further.
[0056] Based on the embodiment as illustrated in FIG. 3, prior to step S301, the method may further include: performing
packet processing for the code word to be checked to acquire the information symbol and the check symbol therein.
[0057] In another embodiment, after the erroneous bit is finally determined as illustrated in FIG. 3, the actual erroneous
bit may be corrected based on a pre-known error type.
[0058] Specifically, as described above, using an OTP memory as an example, since only a 1->0 error or a 0-> error
may occur and this error may be pre-known based on the relevant method in the prior art. Therefore, based on the above
embodiment, assume that the pre-known error is a 1->0 error, then in the embodiment as illustrated in FIG. 3, bit 3 in
the code word 10011010 to be checked is corrected from 0 to 1, that is, the corrected code word is 10011110, that is,
a correct code word.
[0059] It should be noted that if the pre-known error is a 0->1 error, under inspirations of the above embodiments,
persons of ordinary skill in the art may correct the erroneous bit by only referring to the related disclosure of the 1->0
error without paying any creative effort.
[0060] An embodiment of the present invention hereinafter further provides a code word generating circuit. The circuit
includes: a Hamming operation unit and a code word generating unit. The Hamming operation unit is configured to
respectively perform a Hamming operation for an information symbol having an even weight and an information symbol
having an odd weight, to acquire a check symbol configured for the information symbol having an even weight and a
check symbol having an odd weight respectively. The code word generating unit is configured to respectively generate
corresponding code words based on the information symbol having an even weight and the check symbol configured
for the information symbol having an odd weight and the check symbols configured therefor.
[0061] FIG. 4 is a schematic structural diagram of a code word generating circuit according to a fourth embodiment
of the present invention. As illustrated in FIG. 4, the code word generating circuit includes a Hamming operating unit
801 and a code word generating unit 802. The code word generating unit 802 is configured to respectively generate
corresponding code words based on the information symbol having an even weight, the information symbol having an
odd weight and the check symbols configured therefor. In this embodiment, the Hamming operating unit 801 specifically
includes: a first Exclusive OR unit 811 and a second Exclusive OR unit 821. The first Exclusive OR unit 811 is configured
to respectively perform an Exclusive OR operation for the information symbol having an even weight with a first Hamming
matrix and a second Hamming matrix to acquire the check symbol configured for the information symbol having an even
weight. The second Exclusive OR unit 821 is configured to perform an Exclusive OR operation for the information symbol
having an odd weight with the second Hamming matrix to acquire the check symbol configured for the information symbol
having an odd weight.
[0062] In addition, in this embodiment, the code word generating circuit may further include: a first checking unit 803,
configured to perform an even parity for the code word, and transmit the information symbol having an even weight to
the first Exclusive OR unit 811 such that an Exclusive OR operation is performed between the information symbol having
an even weight and the first Hamming matrix.
[0063] In another embodiment, alternatively, the first Exclusive OR unit 811 is configured to respectively perform an
Exclusive OR operation for the information symbol having an even weight with a first Hamming matrix and a second
Hamming matrix to acquire the check symbol configured for the information symbol having an even weight; and the
second Exclusive OR unit 821 is configured to respectively perform an Exclusive OR operation for the information symbol
having an even weight with a first Hamming matrix and a second Hamming matrix to acquire the check symbol configured
for the information symbol having an even weight. Accordingly, the first checking unit 803 may perform an odd parity for
the code word, and transmit the information symbol having an odd weight to the first Exclusive OR unit 811, such that
an Exclusive OR operation is performed for the information symbol having an odd weight with the first Hamming matrix.
[0064] In this embodiment, the first Exclusive OR unit 811 and the second Exclusive OR unit 821 may be specifically
practiced by using a basic Exclusive OR gate, AND gate, OR gate, NAND gate, or NOR gate circuit device. Using single-
bit input Exclusive OR as an example, the exemplary structure may be referenced to FIG. 5(a) and FIG. 5(b). FIG. 5(a)
illustrates an Exclusive OR unit formed by a reference Exclusive OR gate, for example, a first Exclusive OR unit 811
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and a second Exclusive OR unit 821. FIG. 5(b) illustrates an Exclusive OR unit formed by a reference AND, OR and
NOT gate, for example, a first Exclusive OR unit 811 and a second Exclusive OR unit 821. A multi-bit input is only
expansion of the single-bit input, which is not described herein any further.
[0065] The first checking unit 803 may be specifically practiced by bit-by-bit Exclusive OR operations of a single-bit
Exclusive OR gate circuit or bit-by-bit addition of an adder circuit. The exemplary structure thereof may be referenced
to FIG. 6(a) and FIG. 6(b). In FIG. 6(a) and FIG. 6(b), a1, a2, a3 and a4 are respectively equivalent to data of different
bits from the least-significant bit to the most-significant bit in the information symbol in the above 8-bit code word.
[0066] The code word generating unit 802 may be specifically practiced by a circuit device such as a latch D and the
like having the storage function. An exemplary code word generating circuit obtained in combination of the above
Hamming operating unit may be referenced to FIG. 7. As illustrated in FIG. 7, a 4-bit information symbol is input, where
a1a2a3a4 are respectively equivalent to bit 1 to bit 4 in the above 4-bit information symbol, and the above 4-bit check
symbol is generated by using the above Hamming operating unit. A corresponding 8-bit code word is generated based
on the 4-bit information symbol and the 4-bit check symbol by the latch of the code word generating unit 802.
[0067] FIG. 8 is a schematic structural diagram of a code word generating circuit according to an eighth embodiment
of the present invention. As illustrated in FIG. 8, the Hamming operating unit 801 includes: a third Exclusive OR unit 831
and a fourth Exclusive OR unit 841. The third Exclusive OR unit 831 is configured to respectively perform an Exclusive
OR operation for the information symbol having an even weight with a full-code Hamming matrix to acquire the check
symbol configured for the information symbol having an even weight. The second Exclusive OR unit 821 is configured
to perform an Exclusive OR operation for the information symbol having an odd weight with the second Hamming matrix
to acquire the check symbol configured for the information symbol having an odd weight.
[0068] In this embodiment, the code word generating circuit may further include: a separating unit 804, configured to
separate input information symbols to acquire the information symbol having an even weight and the information symbol
having an odd weight.
[0069] In this embodiment, the code word generating circuit may further include: a second checking unit 805, configured
to perform an even parity for the code word, and hence transmit the information symbol having an even weight to the
third Exclusive OR unit 821 and transmit the information symbol having an odd weight to the fourth Exclusive OR unit 841.
[0070] In another embodiment, the second checking unit may perform an odd parity for the code word. The scenario
of the odd parity may be referenced to FIG. 4, which is not described herein any further.
[0071] The third Exclusive OR unit 831, the fourth Exclusive OR unit 841 and the second checking unit 805 may be
referenced to FIG. 5(a), FIG. 5(b), FIG. 6(a) and FIG. 6(b), which are not described herein any further.
[0072] An embodiment hereinafter of the present invention further provides a circuit for determining an erroneous bit.
The circuit includes: a code word checking unit, configured to preliminarily judge, based on a check relationship between
an information symbol and a check symbol in a code word to be checked, at least one possible erroneous bit in the code
word; and an erroneous bit determining unit, configured to determine a practical erroneous bit in the at least one possible
erroneous bit based on a code weight variation of the information symbol or the check symbol in the code word to be
checked relative to the information symbol or the check symbol in the code word generated in FIG. 1 and FIG. 2.
[0073] FIG. 9 is an exemplary schematic structural diagram of a circuit for determining an erroneous bit according to
a ninth embodiment of the present invention. In this embodiment, the erroneous bit determining circuit includes: a code
word checking unit 901 and an erroneous bit determining unit 902. The code word checking unit 901 includes a fifth
Exclusive OR unit 911 and a Hamming checking unit 921. The fifth Exclusive OR unit 911 is configured to perform an
Exclusive OR operation for an information symbol and a check symbol in a code word to be checked. The Hamming
checking unit 921 is configured to perform a Hamming check for a result of the Exclusive OR operation to preliminarily
judge at least one possible error in the code word.
[0074] The specific circuit of the code word checking unit 901 may be as illustrated in FIG. 10, and includes the fifth
Exclusive OR unit 911 and a multiplexer MUX as the Hamming checking unit 921. The specific circuit structure may be
generated based on the Hamming checking rules formulated according to the 1-bit information symbol and the 3-bit
check symbol.
[0075] In this embodiment, the erroneous bit determining circuit further includes: an aligning unit 903, configured to
align the information symbol with the check symbol in the code word to be checked, such that the fifth Exclusive OR unit
911 performs the Exclusive OR operation for the aligned information symbol and check symbol in the code word.
[0076] In this embodiment, the circuit structure of the aligning unit may be specifically a 4-bit storage unit, for example,
a trigger, a latch, a shift register or the like. Input data is buffered, and then the more-significant 4 bits and the less-
significant 4 bits of the data are recombined. As such, the information symbol and the check symbol in the code word
to be checked are aligned.
[0077] In this embodiment, the erroneous bit determining circuit may further include: a packet processing unit 904,
configured to separate the code word to be checked to acquire the information symbol and the check symbol therein.
The packet processing unit 904 includes a code word prefix separating unit 804 and a code word suffix separating unit
804. The code word prefix separating unit 804 is configured to separate the information symbol from the code word, and
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the code word suffix separating unit 804 is configured to separate the check symbol from the code word.
[0078] In this embodiment, if the information symbol and the check symbol in the code word to be checked are serially
input, a counter may be used as the packet processing unit 904 based on a sequence of the more-significant bits thereof,
such that separation is implemented. Specifically, the input code word to be checked is counted cyclically from 1 to 8,
and the input less than 4 and the input greater than 4 are respectively bits of the information symbol and bits of the check
symbol.
[0079] In another embodiment, if the information symbol and the check symbol in the code word to be checked are
input in parallel, the above packet processing unit 904 may be omitted.
[0080] In this embodiment, the erroneous bit determining unit 902 may specifically include: two multiplexers MUX 1
and MUX 2, and an OR gate arranged between the two multiplexers MUXs. Two input terminals of the multiplexer MUX
1 are respectively configured to receive data of the preliminarily judged at least one possible erroneous bit in the code
word, and the data of the preliminarily judged at least one possible erroneous bit in the code word is selectively output
via the multiplexer MUX 1 and an Exclusive OR operation is performed for the data with data 1 (which indicates that the
pre-known error type is 1->0) at the OR gate, a final erroneous bit is determined based on the scenario where the output
of the OR gate is 1, and the final erroneous bit is output and the correcting unit is enabled to correct the final erroneous
bit. In the above embodiment, assume that the inputs of bit 3 and bit 7 are correspondingly [01] and the outputs of these
two bits are respectively used as gate signals thereof output from the multiplexer MUX 1. When the multiplexer MUX 1
is gated and the output is bit 3=0, the output of the OR gate is 1; whereas when the output of the multiplexer MUX 1 is
bit 7=1, the output of the OR gate is 0. This indicates an error is caused to bit 3, and then the bit 3 is output to the
correcting unit for error correction by means of controlling the gating of the multiplexer MUX 2. With respect to the
scenario where the inputs of bit 3 and bit 7 are correspondingly [10], this scenario is similar to the scenario where the
inputs of bit 3 and bit 7 are correspondingly [01], which is not described herein any further.
[0081] In addition, when it is preliminarily judged that the data of the at least one possible erroneous bit in the code
word is [0 0], since the output of the OR gate is 1 when the data is gated by the multiplexer MUX 1 and output to the
OR gate for an Exclusive OR operation with 1, the erroneous bit may not finally determined. Therefore, the erroneous
bit determining unit 902 may further include: a circuit (not shown in FIG. 11) similar to the circuit of the checking unit as
illustrated in FIG. 6. By virtue of the circuit of similar to the circuit of the checking unit as illustrated in FIG. 6, the weight
of the 4-bit information symbol in the 8-bit code word to be checked is determined, and thus the erroneous bit is finally
determined. For example, if the weight of the information symbol is an even number, relative to the code word generated
by the circuit for generating a code word, the weight of the information symbol is not changed, which indicates that the
final erroneous bit is located in the check symbol. If the inputs of bit 3 and bit 7 are correspondingly [00], it indicates that
an error is caused to bit 3 instead of bit 7.
[0082] The erroneous bit determining circuit may further include: a correcting unit 905, configured to correct an actual
erroneous bit based on a pre-known error type. The final erroneous bit is output by the multiplexer MUX 2 to the correcting
unit, and the correcting unit is enabled by an enable signal to correct the erroneous bit.
[0083] Specifically, the correcting unit may include a first correcting unit 915 and a second correcting unit 925. The
first correcting unit 915 is configured to correct an actual erroneous bit in the information symbol based on a pre-known
error type. That is, if the actual erroneous bit is located in the information symbol, the first correcting unit 915 is enabled
by an enable signal to correct the corresponding erroneous bit. The second correcting unit 925 is configured to an actual
erroneous bit in the check symbol based on a pre-known error type. That is, if the actual erroneous bit is located in the
check symbol, the second correcting unit 915 is enabled to correct the corresponding erroneous bit.
[0084] The first correcting unit and the second correcting unit may be specifically a reference Exclusive OR gate circuit,
1-2 multiplex distributor or the like, which is not described herein any further, as long as the erroneous bit is corrected
from 0 to 1.
[0085] The apparatus according to the embodiments of the present application may be practiced by a computer
program. A person skilled in the art should understand the above division of units and modules is only an exemplary
one, and if the apparatus is divided into other units or modules or not divided, the technical solution shall also fall within
the protection scope of the present application as long as the information object has the above functions.
[0086] A person skilled in the art shall understand that the embodiments of the present application may be described
to illustrate methods, apparatuses (devices), or computer program products. Therefore, hardware embodiments, software
embodiments, or hardware-plus-software embodiments may be used to illustrate the present application. In addition,
the present application may further employ a computer program product which may be implemented by at least one
non-transitory computer-readable storage medium with an executable program code stored thereon. The non-transitory
computer-readable storage medium comprises but not limited to a disk memory, a CD-ROM, and an optical memory.
[0087] The present invention is described based on the flowcharts and/or block diagrams of the method, apparatus
(device), and computer program product. It should be understood that each process and/or block in the flowcharts and/or
block diagrams, and any combination of the processes and/or blocks in the flowcharts and/or block diagrams may be
implemented using computer program instructions. These computer program instructions may be issued to a computer,
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a dedicated computer, an embedded processor, or processors of other programmable data processing device to generate
a machine, which enables the computer or the processors of other programmable data processing devices to execute
the instructions to implement an apparatus for implementing specific functions in at least one process in the flowcharts
and/or at least one block in the block diagrams.
[0088] These computer program instructions may also be stored a non-transitory computer-readable memory capable
of causing a computer or other programmable data processing devices to work in a specific mode, such that the instruc-
tions stored on the non-transitory computer-readable memory implement a product comprising an instruction apparatus,
where the instruction apparatus implements specific functions in at least one process in the flowcharts and/or at least
one block in the block diagrams.
[0089] These computer program instructions may also be stored on a computer or other programmable data processing
devices, such that the computer or the other programmable data processing devices execute a series of operations or
steps to implement processing of the computer. In this way, the instructions, when executed on the computer or the
other programmable data processing devices, implement the specific functions in at least one process in the flowcharts
and/or at least one block in the block diagrams.
[0090] Although the preferred embodiments of the present application are described above, once knowing the basic
creative concept, a person skilled in the art can make other modifications and variations to these embodiments. Therefore,
the appended claims are intended to be construed as covering the preferred embodiments and all the modifications and
variations falling within the scope of the present application. Obviously, a person skilled in the art can make various
modifications and variations to the present application without departing from the spirit and scope of the present appli-
cation. In this way, the present application is intended to cover the modifications and variations if they fall within the
scope of the appended claims of the present application and equivalent technologies thereof.

Claims

1. A method for generating a code word, comprising:

respectively performing a Hamming operation on an information symbol having an even weight and an infor-
mation symbol having an odd weight to obtain a check symbol configured for the information symbol having an
even weight and a check symbol configured for the information symbol having an odd weight; and
respectively generating corresponding code words based on the information symbol having an even weight and
the information symbol having an odd weight and the check symbols configured therefor.

2. The method according to claim 1, wherein the respectively performing a Hamming operation on an information
symbol having an even weight and an information symbol having an odd weight to obtain a check symbol configured
for the information symbol having an even weight and a check symbol configured for the information symbol having
an odd weight comprises:
respectively performing an Exclusive OR operation on the information symbol having an even weight and the infor-
mation symbol having an odd weight with an assigned Hamming matrix to obtain different check symbols configured
for the information symbol having an even weight and for the information symbol having an odd weight respectively.

3. The method according to claim 2, wherein the respectively performing an Exclusive OR operation on the information
symbol having an even weight and the information symbol having an odd weight with an assigned Hamming matrix
to obtain different check symbols configured for the information symbol having an even weight and for the information
symbol having an odd weight respectively comprises:
respectively performing the Exclusive OR operation on the information symbol having an even weight with a first
Hamming matrix and a second Hamming matrix to obtain the check symbol configured for the information symbol
having an even weight; and performing the Exclusive OR operation on the information symbol having an odd weight
with the second Hamming matrix to obtain the check symbol configured for the information symbol having an odd
weight.

4. The method according to claim 2, wherein the respectively performing an Exclusive OR operation on the information
symbol having an even weight and the information symbol having an odd weight with an assigned Hamming matrix
to obtain different check symbols configured for the information symbol having an even weight and for the information
symbol having an odd weight respectively comprises:
respectively performing the Exclusive OR operation on the information symbol having an even weight with a full-
code Hamming matrix to obtain the check symbol configured for the information symbol having an even weight; and
performing the Exclusive OR operation on the information symbol having an odd weight with the second Hamming
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matrix to obtain the check symbol configured for the information symbol having an odd weight.

5. The method according to any one of claims 1 to 4, further comprising:
separating input information symbols to the information symbol having an even weight and the information symbol
having an odd weight.

6. A method for determining an erroneous bit, comprising:

preliminarily judging, based on a check relationship between an information symbol and a check symbol in a
code word to be checked, at least one possible erroneous bit in the code word; and
determining an actual erroneous bit in the at least one possible erroneous bit based on a code weight variation
of the information symbol or the check symbol in the code word to be checked relative to the information symbol
or the check symbol in the code word as generated by using the method for generating a code word as defined
in any one of claims 1 to 5.

7. The method according to claim 5, wherein the preliminarily judging, based on a check relationship between an
information symbol and a check symbol in a code word to be checked, at least one possible erroneous bit in the
code word comprises: performing an Exclusive OR operation on the information symbol and the check symbol in
the code word to be checked, performing a Hamming check for a result of the Exclusive OR operation, and preliminarily
determining at least one possible erroneous bit in the code word.

8. The method according to claim 7, wherein prior to the performing an Exclusive OR operation on the information
symbol and the check symbol in the code word to be checked, the method comprises: aligning the information
symbol and the check symbol in the code word to be checked, to perform the Exclusive OR operation on the aligned
information symbol and check symbol in the code word.

9. The method according to claim 6, wherein the preliminarily judging, based on a check relationship between an
information symbol and a check symbol in a code word to be checked, possible erroneous bits in the code word
comprises: separating the code word to be checked to obtain the information symbol and the check symbol therein.

10. The method according to any one of claims 6 to 9, further comprising:
correcting a practical erroneous bit based on a pre-known error type.

11. A circuit for generating a code word, comprising:

a Hamming operating unit, configured to respectively perform a Hamming operation on an information symbol
having an even weight and an information symbol having an odd weight to obtain a check symbol configured
for the information symbol having an even weight and a check symbol configured for the information symbol
having an odd weight; and
a code word generating unit, configured to respectively generate corresponding code words based on the
information symbol having an even weight and a check symbol configured for the information symbol having
an odd weight and the check symbols configured therefor.

12. The circuit according to claim 11, wherein the Hamming operating unit comprises an Exclusive OR unit; wherein
the Exclusive OR unit is configured to perform an Exclusive OR operation on the information symbol having an even
weight and the information symbol having an odd weight with an assigned Hamming matrix to obtain different check
symbols configured for the information symbol having an even weight and for the information symbol having an odd
weight respectively.

13. The circuit according to claim 12, wherein the Hamming operating unit comprises: a first Exclusive OR unit and a
second Exclusive OR unit; wherein the first Exclusive OR unit is configured to respectively perform an Exclusive
OR operation on the information symbol having an even weight with a first Hamming matrix and a second Hamming
matrix to obtain the check symbol configured for the information symbol having an even weight, and the second
Exclusive OR unit is configured to perform an Exclusive OR operation on the information symbol having an odd
weight with the second Hamming matrix to obtain the check symbol configured for the information symbol having
an odd weight.

14. The circuit according to claim 13, further comprising: a first checking unit, configured to perform an even parity for
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the code word, and transmit the information symbol having an even weight to the first Exclusive OR unit such that
an Exclusive OR operation is performed between the information symbol having an even weight and the first Hamming
matrix.

15. The circuit according to claim 12, wherein the Hamming operating unit comprises: a third Exclusive OR unit and a
fourth Exclusive OR unit; wherein the third Exclusive OR unit is configured to respectively perform an Exclusive OR
operation on the information symbol having an even weight with a full-code Hamming matrix to obtain the check
symbol configured for the information symbol having an even weight, and the second Exclusive OR unit is configured
to perform the Exclusive OR operation on the information symbol having an odd weight with the second Hamming
matrix to obtain the check symbol configured for the information symbol having an odd weight.

16. The circuit according to claim 11, further comprising: a separating unit, configured to separate input information
symbols to the information symbol having an even weight and the information symbol having an odd weight.

17. The circuit according to claim 16, further comprising: a second checking unit, configured to perform an even parity
for the code word, and transmit the information symbol having an even weight to the third Exclusive OR unit and
transmit the information symbol having an odd weight to the fourth Exclusive OR unit.

18. The circuit according to claim 11, wherein the code word generating unit is a synthesizing unit; wherein the synthe-
sizing unit is configured to perform synthesis to generate a corresponding code word based on the information
symbol having an even weight, the information symbol having an odd weight and the check symbols configured
therefor.

19. A circuit for determining an erroneous bit, comprising:

a code word checking unit, configured to preliminarily judge, based on a check relationship between an infor-
mation symbol and a check symbol in a code word to be checked, at least one possible erroneous bit in the
code word; and
an erroneous bit determining unit, configured to determine an actual erroneous bit in the at least one possible
erroneous bit based on a code weight variation of the information symbol or the check symbol in the code word
to be checked relative to the information symbol or the check symbol in the code word generated by using a
circuit for generating a code word as defined in any one of claims 11 to 18 or based on a pre-known error type.

20. The circuit according to claim 19, wherein the code word checking unit comprises a fifth Exclusive OR unit and a
Hamming checking unit; wherein the fifth Exclusive OR unit is configured to perform an Exclusive OR operation for
the information symbol and the check symbol in the code word to be checked, and the Hamming checking unit is
configured to perform a Hamming check for a result of the Exclusive OR operation to preliminarily judge at least
one possible erroneous bit in the code word.

21. The circuit according to claim 20, further comprising: an aligning unit; wherein the aligning unit is configured to align
the information symbol and the check symbol in the code word to be checked, to perform an Exclusive OR operation
for the information symbol and the check symbol in the code word to be checked.

22. The circuit according to claim 19, further comprising: a packet processing unit, configured to separate the code word
to be checked to the information symbol and the check symbol therein;
wherein the packet processing unit comprises a code word prefix separating unit and a code word suffix separating
unit; wherein the code word prefix separating unit is configured to separate the information symbol from the code
word, and the code word suffix separating unit is configured to separate the check symbol from the code word.

23. The circuit according to any one of claims 19 to 22, further comprising: a correcting unit, configured to correct
erroneous bit based on a pre-known error type;
wherein the correcting unit comprises a first correcting unit and a second correcting unit; wherein the first correcting
unit is configured to correct a practical erroneous bit in the information symbol based on a pre-known error type,
and the second correcting unit is configured to correct erroneous bit in the check symbol based on a pre-known
error type.
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